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Abstract: The Eastern Thrace and Western Black Sea basins provide unique perspectives on the palaeogeographic reconstructions of
the Paratethys. Although very thick and extensive Oligocene outcrops and well sections exist in the Thrace Basin, only a few comparable
sections are available in the Black Sea onshore areas. In this study, five measured stratigraphic sections of Eocene to Oligocene age from
the margins of the Western Black Sea were studied and palynomorph assemblages were identified quantitatively. Index dinoflagellate
cyst events and a palynological biozonation as established in the Mediterranean were applied successfully. Priabonian units contain the
Aal biozone, whereas Rupelian successions were represented by the Adi, Rac, Cin, and Hpu zones. Palynological analyses suggest that
the youngest interval of the studied sections, the highest sample of Karaburun (2) and the upper part of Servez Beach, sit just above
the Wetzeliella gochtii interval and are early-middle Rupelian in age (Cin and Hpu zones). The Karaburun (1) and the lower part of the
Servez Beach sections represent W. gochtii-bearing intervals and are interpreted as early Rupelian in age (Rac, Cin, and Hpu zones). The
Servez Road Dam section occurs below the W. gochtii interval. It is characterized by common occurrences of Glaphyrocysta semitecta
and interpreted as earliest Rupelian in age (Adi and Rac zones). Finally, the Sazlibosna section lies below the Glaphyrocysta semitecta
zone and represents the oldest stratigraphic unit of the studied intervals. It yielded Eocene dinoflagellates such as Areoligera tauloma-
sentosa, Areosphaeridium michoudii, Rhombodinium perforatum, Homotryblium pallidum, and Stoveracysta ornata and is interpreted as
late Priabonian in age (Aal zone). Both palynomorph assemblages and organic matter constituents reflect shallow to open marine and
nutrient-rich depositional conditions that occurred during Late Eocene-Early Oligocene time. The dominance of marine palynomorphs,
without any indication of fresh water influx, might suggest that deposition took place before the isolation of the Paratethys, when the
Western Black Sea region was still part of the Western Tethys during the earliest Oligocene (NP21-23).
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1. Introduction

The Eocene-Oligocene transition, with its significant
record of climate change, has received much attention (e.g.,
Miller et al., 1991, 2008, 2009; Zachos et al., 1994, 2001;
Diester-Haass and Zahn, 2001; van Mourik et al., 2001;
Yancey et al., 2002; Bodiselitsch et al., 2004; Pagani et al.,
2005; Sluijs et al., 2005; Alegret et al., 2008; Pearson et al.,
2008; Schouten et al., 2008; Sotak, 2010; Sliwinska and
Heilmann-Clausen, 2011; Houben et al., 2012). The Middle
Eocene-Recent Thrace and Late Cretaceous—Recent
Western Black Sea basins have unique palaeogeographical
significance in having geological records not only of climate
change but also of the closure of the Western Tethys and
the formation of Paratethyan basins during the Late Eocene
to Early Oligocene. Therefore, several biostratigraphical
and palaeogeographical studies have focused on Eocene-
Oligocene sediments in these locations (e.g., Islamoglu
et al., 2008; Less et al., 2011; Safak and Giildurek, 2016;

* Correspondence: hsancay@tpao.gov.tr

Giirgey and Bati, 2018; Kostopoulou et al., 2018; Ozcan et
al., 2018; Okay et al., 2019, 2020; Simmons et al., 2020).

In contrast to the opening of the Western Black Sea
basin as a back-arc basin during the Late Cretaceous
(Nikishin et al., 2015), the Thrace Basin is classified as
a fore-arc basin related to the subduction of the Intra-
Pontide Ocean (Goriir and Okay, 1996), and it has Middle
Eocene to Miocene sedimentary successions more than 9
km thick (Turgut et al., 1991). These units were divided
into 5 depositional sequences in terms of different facies
and sedimentary geometry due to faulting and sea-
level fluctuations by means of outcrop, well log, core,
seismic, and palaeontological data (Turgut and Eseller,
2000). Eocene units (represented by the clastic Karaagag,
Figitepe, Gazikdy, Kesan, Koyunbaba, and Hamitabat
formations and the carbonate Sogucak Formation) and
Oligocene units (represented by the Ceylan, Danismen,
and Osmancik formations) crop out in several places in
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the Thrace Basin (Siyako, 2006). However, there are only a
few sections on the Turkish margins of the Western Black
Sea containing Oligocene successions that can be studied
palynologically for biostratigraphical purposes.

2. Geological setting

The Western Black Sea area is located in the central part
of the Rhodope-Pontides fragment (Sengér and Yilmaz,
1981) and bounded by the Istanbul Zone in the east and
the Rhodope-Strandja Massif in the west (Okay and
Tiystiz, 1999; Okay, 2016). The Istanbul Zone is mainly
represented by a Neoproterozoic-Cambrian crystalline
basement, overlain by a Palaeozoic sedimentary sequence,
the lowermost Triassic red beds, Lower Triassic shallow
marine carbonates, Middle Triassic pelagic limestones,
Upper Triassic turbidites (Turgut et al., 1991; Peringek,
1991; Okay, 2016), and Upper Cretaceous to Palacocene
deep marine marly limestones (Ozcan et al., 2012) in
ascending order. The Rhodope-Strandja Massif, on the
other hand, mainly comprises Upper Carboniferous to
Permian metamorphic and granitic rocks (Okay, 2016),
unconformably overlain by Triassic-Jurassic clastics and
carbonates, Cenomanian sandy limestones, and Senonian
volcanic and volcaniclastic rocks (Okay et al, 2001).
Eocene and younger sediments unconformably overlie
the older units following the Late Cretaceous tectonic
juxtaposition of the Istanbul Zone and Rhodope-Strandja
Massif in the Western Black Sea (Okay, 2016).

Mediterranean and intracontinental Paratethys basins
occurred as new marine realms after the deformation of
the Western Tethys Ocean due to the collision of India
and Asia in the Late Eocene (Rogl, 1999). As a result of
the orogeny of the Alpine thrust belt in the Late Eocene
(Rogl, 1999), the Oligocene is represented mainly by a
time of isolation in the Paratethys basins and favours
Black Sea-type anoxic conditions. Even though marine
conditions prevailed during Oligocene sedimentation in
the Mediterranean, fluctuations in marine connections
and thus strong provincialism/endemism mainly control
the deposition of those successions in the Paratethys
basins. The first record of the isolation (reflected by
reduced salinity, brackish water, anoxic conditions, and
deposition of black shales) occurred in the Solenovian
(Early Oligocene) nannofossil biozone NP23 (e.g., Rogl,
1999; Schulz et al., 2005; Islamoglu et al., 2008; Giirgey
and Bati, 2018).

Palaeogeographically, the Thrace and the Western
Black Sea regions were part of the Eastern Paratethyan
Realm (Popov et al, 2004; Islamoglu et al, 2008;
Sachsenhofer et al., 2009) during the Eocene-Oligocene
transition. The isolation of the Eastern Paratethys from
the Tethys Ocean during the early Rupelian (Pshekhian
chronostratigraphic unit of the Eastern Paratethys,
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NP21/22, to Solenovian unit NP23) resulted in the
formation of the Thrace and Western Black Sea subbasins
(Popov et al., 1993; Rogl, 1998). However, the presence of
manganese ore deposits both in the Thrace Basin (Oztiirk
and Frakes, 1995; Giiltekin, 1998) and Eastern Paratethys
(Stolyarov and Ivleva, 1999; Varentsov, 2002; Varentsov et
al., 2003) in the early Solenovian (early Rupelian), together
with the presence of Early Oligocene oils generated from
Lower Oligocene marine source rocks having similar
geochemical characteristics in the Thrace Basin and in
Western Turkmenistan (Glirgey, 2007), might suggest that
the seaway connection was still open between Thrace and
the Eastern Paratethys through the Western Black Sea
in the early Rupelian. According to Ozcan et al. (2018),
the marine connection between these two basins was
established in the Priabonian and existed during the Late
Eocene to Early Oligocene via the Catalca gap, west of
Istanbul (Okay et al., 2019a). This marine connection was
then closed during the middle Early Oligocene (Okay et
al., 2019a).

3. Materials and methods

A total of 36 samples were obtained from 4 different sections
of the western coast of the Black Sea (Figure 1). However,
only 12 of these were fossiliferous and yielded abundant,
well-preserved palynomorphs and were thus taken into
consideration for biostratigraphical interpretations.
Following disaggregation and cleaning, samples were
processed by a standard palynological sample preparation
technique of demineralisation with hydrochloric acid
(HCI) and hydrofluoric acid (HF) followed by heavy-
density liquid separation (ZnCl,). After sieving at 200 um
and 10 pm, samples were mounted in glycerine jelly for
microscope studies. All of the productive samples were
analysed quantitatively and then the percentages of each
taxon and palynomorph assemblages were calculated (see
Appendix). Studied materials are stored in the Palynology
Laboratory Archive of the Turkish Petroleum Corporation
Research and Development Center in Ankara, Turkey.

4. Studied sections

All of the studied sections are located in the Western
Black Sea region (Figure 1) and composed mainly of
mar] with subordinate conglomerate, sandstone, siltstone,
and claystone interfingering with limestone, and some
volcanosedimentary deposits (tuff) (Figures 2-6).

4.1. Karaburun

A total of 11 samples were collected from two sections
from the Karaburun region. Seven samples were collected
from the Karaburun (1) section (GPS coordinates:
41°20'51"61N, 28°40'47"71E) (Figure 2). This section,
on Cape Karaburun, features well-known outcrops that
encompass the Eocene-Oligocene succession on the
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Figure 1. Location map (a) and geological maps (b-d) of the studied sections (b1: Servez Beach section, b2: Servez Road Dam section,
cl: Karaburun (1) section, c2: Karaburun (2) section, d1: Sazlibosna section).
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Figure 2. Stratigraphic section of Karaburun (1) and the sample locations.

Thracian coast of the Western Black Sea (Less et al., 2011;
Okay et al.,, 2019; the “Footwall Section” described by
Simmons et al., 2020). The Karaburun (1) section is about
140 m thick and comprises conglomerate, sandstone,
calcareous sandstone, siltstone, mudstone, marl, silty
marl, shale, and bioclastic limestone. The Upper Eocene
shallow marine limestones of the Sogucak Formation
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at the base are unconformably overlain by the Lower
Oligocene Ceylan Formation composed of shallow marine
calcareous sandstone, siltstone, conglomerate, and deeper
marine marls. Okay et al. (2019) and Simmons et al.
(2020) used the local term “Ihsaniye Formation” for this
rock unit based on its distinctive lithological character.
We prefer the term “Ceylan Formation” to permit ready
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Figure 3. Stratigraphic section of Karaburun (2) and the sample locations. See also Simmons et al. (2020).

correlation with the stratigraphy of the adjacent Thrace
Basin. A late Priabonian age (SBZ20) was assigned for the
Sogucak Formation in the Karaburun section by Okay et
al. (2019), Yiicel et al. (2020), and Simmons et al. (2020)
based on benthic foraminifera. Simmons et al. (2020)
have demonstrated that the section above the Sogucak
Formation at Karaburun (1) is of Early Oligocene (NP23)
(early Rupelian) age and represents transgression onto the
footwall of a fault, while Oktay et al. (1992), Saking (1994),
Gedik et al. (2014), and Okay et al. (2019) also reported
an Early Oligocene age for these strata at Karaburun.
While confirming an early Rupelian age, dinoflagellate
assemblages recorded in our material (notably the
presence of Assemblage Zone C with Wetzeliella gochtii)
suggest that at least part of the section may be older than
NP23 (Figure 7).

In contrast to the observations on the nature of the
boundary between the Sogucak and Ceylan formations by
Natalin and Say (2015), a clear unconformity surface with
a hardground level between the Eocene and Oligocene
successions has been observed in this section (Figures 2
and 7).

Four samples have been collected from the 150-m-thick
Karaburun (2) section (GPS coordinates: 41°20'36"26N,
28°40'39"39E) to the west of the Karaburun (1) section.
This is the “Hanging Wall Section” described in detail
by Simmons et al. (2020) and Tulan et al. (2020). Marl,
siltstone, and sandstone dominate this section with thin
layers of limestone present towards the top (Figure 3). This
section has been demonstrated by Simmons et al. (2020)
to represent more complete Early Oligocene stratigraphy
at Karaburun with nannoplankton biozones NP21-NP23
supported by planktonic foraminifera (Biozones O1-02).
Our limited number of samples appear to lie within the
upper part of this age range (Assemblage Zone D).

4.2. Servez Beach

Ten samples have been obtained from the 128-m-thick
Servez Beach section (GPS coordinates: 41°39'06"35N,
28°05'18"78E).  This  section mainly  comprises
conglomerate, sandstone, siltstone, claystone, mudstone,
and shallow marine limestone layers (Figure 4) and has
been extensively described by Okay et al. (2020). In our
view, the transition between the carbonates of the Sogucak
and the marls and clastics of the Ceylan formations
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Figure 4. Stratigraphic section of Servez Beach and the sample locations. See also Okay et al. (2020).

(termed “Servez Formation” by Okay et al., 2020) seems
to be gradational. Because of the unsuitable lithologies
for the preservation of organic matter within the Sogucak
Formation and the lack of samples from the basal part of
the overlying Ceylan Formation, there is no palynological
evidence in this study for the nature of the boundary and the
contemporaneous sediments of NP21 studied by Simmons
et al. (2020) at Servez Beach. From the base of the Ceylan
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Formation (palynologically unsampled interval), based on
calcareous nannoplankton, larger benthic foraminifera,
and radiometric ages derived from interbedded tuffs, Okay
et al. (2020) also confirmed that the clastic succession
above the Sogucak Formation at Servez Beach is low in the
Early Oligocene (NP21). The first palynological record was
obtained from 102 m in the Ceylan Formation (sample 76
in Figure 4) and suggests an early Rupelian age (NP22-23).
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Figure 6. Stratigraphic section of Sazlibosna and the sample locations.

The Sogucak Formation outcrop at Servez Beach was
studied micropalaeontologically by Less et al. (2011)
(the Kiyikdy Region in their study). They reported a
Priabonian age (SBZ19-20) based on benthic foraminifera
and two depositional facies for deposition of the Sogucak
Formation. Shallow-water, high-energy, middle-shelf
conditions dominated the lower part of the Sogucak
Formation while low-energy, deeper middle-shelf

conditions were observed towards the top (Less et al.,
2011). A similar deepening trend has also been observed
in this study, in which shallow-water limestones of the
Sogucak Formation grade into marl and marl-limestone
intercalations.

4.3. Servez Road Dam
The Servez Road Dam section is about 21 m thick and 13
samples were collected from the locality (GPS coordinates:
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Figure 7. Biochronostratigraphic chart and the summary of dinoflagellate cyst zonations (Brinkhuis and Biffi, 1993; Brinkhuis, 1994;

Wilpshaar et al., 1996; Torricelli and Biffi, 2001).

46°10'85"07N, 35°58'82"50E). Siliciclastic lithologies of
sandstone, siltstone, mudstone, and marl dominate this
section (Figure 5).

The last occurrence (LO) of Areosphaeridium
diktyoplokum was recorded in this section (7-m level,
Figure 5). This bioevent is stratigraphically important
and draws the boundary between the Adi and Rac zones
(Brinkhuis and Biffi, 1993; Brinkhuis, 1994; Wilpshaar et
al., 1996; Torricelli and Biffi, 2001) in the earliest Rupelian.

Phthanoperidinium  comatum, identified at the
12-m level in the Servez Road Dam Section, is another
important taxon that might be indicative for the Rupelian
(e.g., Liengjarern et al., 1980; Medus and Pairis, 1990). The
LO of Phthanoperidinium spp. including P. comatum was
reported in the NSO-3 zone of Simaeys et al. (2005) in the
“early” Rupelian in the North Sea, in the “late” Rupelian
in the lower part of NP23 in the Labrador Sea (Head and
Norris, 1989), and in the early or middle Rupelian in Egypt
(El Beialy et al., 2019).

4.4. Sazlibosna

Two samples were derived from the 12-m-thick Sazlibosna
section (GPS coordinates: 41°09'34"98N, 28°39'50"77E).
Carboniferous sandstone, siltstone, and slate are
unconformably overlain by the Eocene limestones of
the Sogucak Formation, which is then unconformably
overlain by Oligocene siltstones and marls (Figure 6).
An age close to the Middle-Late Eocene (Bartonian-
Priabonian) boundary (SBZ18A) was determined for the
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Sogucak Formation in the Sazlibosna section by Okay et
al. (2019a) based on larger benthic foraminifera. Similar to
the palynological results in this study, a late Priabonian age
(P16-17 zones) was also assigned by Okay et al. (2019a)
for the siliciclastics overlying the Sogucak Formation in
the Sazlibosna section based on planktonic foraminifera.
The upper boundary of the Priabonian successions (top of
the Aal zone of Brinkhuis and Biffi, 1993; Brinkhuis, 1994;
Wilpshaar et al., 1996; Torricelli and Biffi, 2001), defined by
the first occurrence (FO) of Glaphyrocysta semitecta, could
not be detected palynologically in this section, suggesting
that the studied interval is late Priabonian in age but is not
the latest Priabonian (Figures 7 and 8).

The presence of Areoligera tauloma-sentosa at the 12-m
level in the Sazlibosna section is an important criterion
for recognising the latest Priabonian. The Late Eocene
(NP16/17) LO of A. tauloma-sentosa is a synchronous
dinoflagellate cyst event (e.g., Costa et al., 1976 in England;
Eldrett et al., 2004 in the Norwegian-Greenland Sea;
Heilmann-Clausen and van Simaeys, 2005 in the Central
Danish Basin). Reticulatosphaera actinocoronata and
Areoligera semicirculata were also identified at the same
level, confirming the late Priabonian age since their FOs
were documented as 35.1 Ma and 33.73 Ma, respectively,
in the late-latest Priabonian (Williams et al., 2004).

The presence of Areosphaeridium michoudii and
Stoveracysta ornata was also determined at the 12-mlevel in
the Sazlibosna section. The LO of A. michoudii at 35.4 Main
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Figure 8. Biochronostratigraphic chart and stratigraphic occurrences of the selected palynomorphs.

the Late Eocene (NP19-20) was magnetostratigraphically
calibrated in the Norwegian-Greenland Sea by Eldrett et
al. (2004). The same event occurred in the latest Eocene
in the NP19-20 zone in the Polish Carpathians (Ged],
2004a, 2005). The Late Eocene (Priabonian) LO of A.
michoudii was also reported from the Central Danish Sea
(Heilmann-Clausen and van Simaeys, 2005) and North Sea
(Bujak, 1994; Bujak and Mudge, 1994). The FO of S. ornata
is another important dinoflagellate event for recognising
the Priabonian (e.g., Brinkhuis and Biffi, 1993; Brinkhuis,
1994; Williams et al., 2004; van Mourik and Brinkhuis,
2005; Mahboub et al., 2019).

The presence of R. actinocoronata in the 12-m level in
the Sazlibosna section is noteworthy since the FO of R.
actinocoronata was reported in the Cfu zone in the latest
Late Eocene in Italy (Brinkhuis and Biffi, 1993; Coccioni
etal,, 2000) and implies ages not older than Late Eocene.

5. Palynostratigraphy
A total of 111 palynomorph species have been identified
in four studied sections composed of 75 dinoflagellates;
1 acritarch; 32 spores, pollen, and fungi; and 3 other
marine palynomorphs (foraminiferal linings, scolecodont,
and Tasmanites). Distributions of the palynomorphs
throughout the studied sections are provided in Figure
9. Percentages of each palynomorph taxon and digital
images of some selected palynomorphs are documented in
the Appendix and Figures 10-16, respectively.

The standard dinoflagellate cyst zonations of Brinkhuis
and Bifh (1993), Brinkhuis (1994), Wilpshaar et al. (1996),
and Torricelli and Biffi (2001) for the Mediterranean

(Figure 7) were applied successfully in this study of
Western Black Sea Upper Eocene-Lower Oligocene
sediments. The lowermost relevant biozone in the Late
Eocene is the Aal zone (late Priabonian), defined as an
interval from the FO of Achomosphaera alcicornu to the
FO of Glaphyrocysta semitecta. Early Oligocene zones are
in the following ascending order: the Gse zone (earliest
Rupelian), an interval from the FO of G. semitecta to the
LO of Hemiplacophora semilunifera; the Adi zone (early
Rupelian), an interval from the LO of H. semilunifera to the
LO of Areosphaeridium diktyoplokum; the Rac zone (early
Rupelian), an interval from the LO of A. diktyoplokum to
the LO of G. semitecta; and the Cin zone (early-?middle
Rupelian), an interval from the LO of G. semitecta to the
FO of Hystrichokolpoma pusillum.

Four assemblage zones (Figure 8) were recognized in
the studied material and these can be related to the biozones
listed above. These units represent late Priabonian, earliest
Rupelian, early Rupelian, and early-middle Rupelian
intervals.

5.1. Assemblage Zone A

Age Assignment: Late Priabonian

Corresponding dinoflagellate zone: Aal (Achomosphaera
alcicornu) zone

Corresponding planktonic foraminiferal zone: P17
Corresponding nannoplankton zone: NP21
Corresponding Eastern Paratethyan Regional Stage:
Beloglinian

Samples: Sazlibosna section (samples 4 and 5)

The samples in this interval occur below the Glaphyrocysta
semitecta zone and are characterized by the presence of
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Figure 10. a) Areosphaeridium diktyoplokum (Sazlibosna section; Sample No. 5; 93.79 um); b) Reticulatosphaera actinocoronata (Sazlibosna section;
Sample No. 5; 31.03 pum); ¢) Oligokolpoma galeottii (Sazlibosna section; Sample No. 5; 41.37 um); d) Thalassiphora pelagica (Servez Road Dam section;
Sample No. 42; 83.44 um); e) Thalassiphora pelagica (Servez Beach section; Sample No. 76; 79.31 um); ) Glaphyrocysta semitecta (Servez Road Dam
section; Sample No. 42; 54.48 um); g) Glaphyrocysta semitecta (Servez Beach section; Sample No. 76; 63.44 um; h) Glaphyrocysta semitecta (Servez Road
Dam section; Sample No. 42; 59.31 pum); i) Glaphyrocysta semitecta (Servez Road Dam section; Sample No. 42; 60.68 pum); j) Glaphyrocysta semitecta
(Servez Road Dam section; Sample No. 42; 60.00 um); k) Glaphyrocysta semitecta (Servez Road Dam section; Sample No. 42; 58.74 um); 1) Glaphyrocysta
semitecta (Servez Road Dam section; Sample No. 42; 58.62 pm).
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Figure 11. a) Cordosphaeridium cantharellus (Karaburun (1) section; Sample No. 171; 66.20 pum); b) Cordosphaeridium cantharellus (Sazhibosna
section; Sample No. 5; 60.68 um); c) Cordosphaeridium cantharellus (Servez Road Dam section; Sample No. 42; 69.65 um); d) Cordosphaeridium
cantharellus (Servez Beach section; Sample No. 76; 47.58 um); e) Cordosphaeridium cantharellus (Karaburun (1) section; Sample No. 171; 78.62 um); f)
Cordosphaeridium minimum (Servez Road Dam section; Sample No. 42; 28.27 um); g) Areoligera tauloma-sentosa (Sazlibosna section; Sample No. 5;
77.93 um); h) Areoligera tauloma-sentosa (Sazlibosna section; Sample No. 5; 77.48 um); i) Areoligera tauloma-sentosa (Sazlibosna section; Sample No.
5; 60.00 pum); j) Membranophoridium cf. connectum (Karaburun (1) section; Sample No. 172; 67.58 um); k) Pentadinium laticinctum (Servez Road Dam
section; Sample No. 42; 44.82 um); 1) Pentadinium sp. (Servez Beach section; Sample No. 76; 41.37 um).
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Figure 12. a) Deflandrea phosphoritica (Sazlibosna section; Sample No. 5; 73.10 um); b) Deflandrea phosphoritica (Sazlibosna section; Sample No. 5; 67.58
um); ¢) Deflandrea cf. granulosa (Karaburun (1) section; Sample No. 171; 88.27 um); d) Homotryblium tenuispinosum (Servez Beach section; Sample No.
76; 48.27 um); e) Enneadocysta pectiniformis (Servez Road Dam section; Sample No. 42; 44.82 um); f) Enneadocysta pectiniformis (Servez Road Dam
section; Sample No. 42; 42.75 um); g) Enneadocysta pectiniformis (Servez Road Dam section; Sample No. 42; 44.64 um); h) Enneadocysta pectiniformis
(Servez Road Dam section; Sample No. 42; 34.48 pm); i) Operculodinium sp. (Servez Road Dam section; Sample No. 42; 45.51 um); j) Operculodinium sp.
(Servez Road Dam section; Sample No. 42; 98.62 um); k) Operculodinium sp. (Servez Road Dam section; Sample No. 42; 63.44 um); 1) Operculodinium
sp. (Servez Road Dam section; Sample No. 42; 54.48 pm).

127



SANCAY and BATI / Turkish J Earth Sci

Figure 13. a) Cordosphaeridium funiculatum (High focus; Servez Beach section; Sample No. 76; 71.72 um); b) Cordosphaeridium funiculatum (Low
focus; Servez Beach section; Sample No. 76; 71.72 um); ¢) Cordosphaeridium funiculatum (Karaburun (1) section; Sample No. 172; 73.10 um); d)
Cordosphaeridium funiculatum (Sazlibosna section; Sample No. 4; 73.24 um); e) Phthanoperidinium amoenum (Servez Road Dam section; Sample No.
42;23.44 pum); f) Phthanoperidinium amoenum (Servez Road Dam section; Sample No. 42; 21.37 pm); g) Phthanoperidinium comatum (Servez Road Dam
section; Sample No. 42; 31.03 pum); h) Phthanoperidinium comatum (Servez Beach section; Sample No. 76; 31.16 um); i) Phthanoperidinium comatum
(Servez Road Dam section; Sample No. 42; 24.13 pm); j) Spiniferites pseudofurcatus (Sazlibosna section; Sample No. 5; 66.20 um); k) Achomosphaera
alcicornu (Karaburun (1) section; Sample No. 172; 88.96 um); 1) Achomosphaera alcicornu (Karaburun (1) section; Sample No. 172; 85.51 um).
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Figure 14. a) Wetzeliella gochtii (Servez Beach section; Sample No. 76; 46.89 um); b) Wetzeliella gochtii (Servez Beach section; Sample No. 76; 72.41 um); ¢)
Wetzeliella gochtii (Servez Beach section; Sample No. 76; 82.75 um); d) Wetzeliella gochtii (Servez Beach section; Sample No. 76; 63.44 um); e) Wetzeliella
gochtii (Servez Beach section; Sample No. 76; 70.34 um); ) Wetzeliella gochtii (Servez Beach section; Sample No. 76; 66.20 um); g) Wetzeliella symmetrica
(Servez Beach section; Sample No. 76; 70.47 um); h) Wetzeliella symmetrica (Karaburun (1) section; Sample No. 172; 68.27 um); i) Charlesdowniea
clathrata (Sazlibosna section; Sample No. 5; 85.51 um); j) Charlesdowniea clathrata (Servez Beach section; Sample No. 76; 48.27 um); k) Charlesdowniea
clathrata (Servez Beach section; Sample No. 76; 66.20 um); 1) Charlesdowniea clathrata (Sazlibosna section; Sample No. 5; 89.65 pm).
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Figure 15. a) Ascostomocystis potana (Karaburun (1) section; Sample No. 172; 51.72 pm); b) Distatodinium ellipticum (Karaburun (1) section; Sample
No. 172; 55.17 um); ¢) Impagidinium dispertitum (Karaburun (1) section; Sample No. 171; 29.65 um); d) Impagidinium velorum (Karaburun (1) section;
Sample No. 171; 24.82 um); e) Lingulodinium machaerophorum (Karaburun (1) section; Sample No. 171; 44.82 um); f) Cleistosphaeridium placacanthum
(Servez Road Dam section; Sample No. 38; 48.27 um); g) Stoveracysta ornata (Sazlibosna section; Sample No. 5; 35.86 um); h) Hystrichokolpoma sp.
(Karaburun (1) section; Sample No. 172; 52.41 um); i) Cyclopsiella lusatica (Servez Beach section; Sample No. 73; 35.17 pum); j) Palaeocystodinium sp.
(Servez Road Dam section; Sample No. 42; 86.20 um); k) Tasmanites (Servez Beach section; Sample No. 73; 73.79 pum); 1) Tasmanites (Servez Beach
section; Sample No. 76; 37.93 um).
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Figure 16. a) Lusatisporites perinatus (Servez Beach section; Sample No. 76; 27.58 um); b) Baculatisporites gemmatus (Servez Beach section; Sample No.
765 55.86 um); ) Echinatisporis sp. (Servez Beach section; Sample No. 76; 26.89 um); d) Cicatricosisporites dorogensis (Servez Beach section; Sample No.
765 27.58 um); e) Verrucatosporites favus (Sazlibosna section; Sample No. 5; 31.03 um); f) Schizosporis sp. (Sazlibosna section; Sample No. 5; 24.82 pum);
g) Schizosporis sp. (Servez Beach section; Sample No. 73; 36.55 pm); h) Slowakipollis hippophaeoides (Servez Beach section; Sample No. 73; 20.68 m);
i) Slowakipollis hippophaeoides (Servez Beach section; Sample No. 73; 21.37 um); j) Scolecodont (Servez Beach section; Sample No. 76; 44.82 um); k)
Foraminiferal linings (Karaburun (1) section; Sample No. 172; 70.34 um); 1) Foraminiferal linings (Karaburun (1) section; Sample No. 172; 54.48 um).
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Eocene dinoflagellates such as Areoligera tauloma-sentosa,
Areosphaeridium michoudii, Rhombodinium perforatum,
Homotryblium pallidum, and Stoveracysta ornata and a
lack of Oligocene taxa.

Hemiplacophora semilunifera is a stratigraphically
important taxon. Even though this species was identified
in the Late Eocene in Browns Creek Clays, SW Victoria,
Australia (Cookson and Eisenack, 1965), itslast occurrence
defines the upper boundary of the Gse zone (Brinkhuis
and Biffi, 1993; Brinkhuis, 1994; Wilpshaar et al., 1996;
Torricelli and Biffi, 2001) within the early Rupelian (Figure
7). It was also reported in earliest Rupelian sediments in
the Caspian Region (Bati, 2015). However, H. semilunifera
was only identified in the Sazlibosna section (Sample 5)
in the late Priabonian interval in this study (Figure 8).
As was mentioned in the previous section, this might
be related to the absence of the latest Priabonian (top of
Aal zone) and the earliest Rupelian (Gse zone) levels due
to the unconformity and unfavourable lithologies of the
Sogucak Formation. Furthermore, the distinction between
the Gse and Adi zones is not clear since the continuous
occurrence of H. semilunifera was not observed and the
LO of H. semilunifera is only questionable in the studied
sections.

5.2. Assemblage Zone B
Age Assignment: Earliest Rupelian
Correspondingdinoflagellatezone: Adi(Areosphaeridium
diktyoplokum) and Rac (Reticulatosphaera actinocoronata)
zones
Corresponding planktonic foraminiferal zone: P18
Corresponding nannoplankton zone: NP21
Corresponding Eastern Paratethyan Regional Stage:
Pshekhian
Samples: Servez Road Dam (samples 35, 38, and 42)
This interval is characterized by the common occurrence
of Glaphyrocysta semitecta and the LO of A. diktyoplokum.
The LO of A. diktyoplokum at 33.3 Ma, in the earliest
Rupelian, was reported by Williams et al. (2004) in
their comprehensive study of magnetostratigraphically
calibrated first and last occurrences of selected
dinoflagellate cysts in the mid-latitudes of the northern
hemisphere. The earliest Rupelian LO of A. diktyoplokum
at 33.3 Ma was also confirmed by Pross et al. (2010) in
an Oligocene succession of Italy where this event was
documented within the uppermost Chron C13n at 33.3
Ma in the earliest Oligocene (NP21), at the boundary
of the Adi-Rac zones based on magnetostratigraphic
calibration. This dinoflagellate cyst event was recorded
slightly earlier at 33.6-33.4 Ma in the earliest Oligocene
(NP21 and at the P17-18 boundary) at higher latitudes in
the Norwegian-Greenland Sea (Eldrett et al., 2004). The
LO of A. diktyoplokum was identified in the Gse and Adi
zones and consistently in the earliest Oligocene in Italy
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(Brinkhuis and Biffi, 1993; Brinkhuis, 1994). Just above the
LO of A. diktyoplokum, the FO of W. gochtii was recorded
in the Rac zone in the earliest Early Oligocene in their
study. Similar stratigraphical distributions of those taxa
were also recorded in the earliest Oligocene successions in
the Western Black Sea in the same stratigraphical order as
in this present study (Figure 8).

The LO of G. semitecta is an important zonal marker
dinoflagellate cyst event and was recorded in the lower part
of Chron Cl2r at 32.5 Ma in the Central Mediterranean
(Wilpshaar et al., 1996) and in the lower part of Chron
C12r at 32.6 Ma (in NP22) at the boundary of the Rac-
Cin zones in the Western Tethys (Pross et al., 2010). This
taxon seems to have a near-synchronous LO at 32.0 Ma
in the northern hemisphere’s mid-latitudes (Williams
et al., 2004) and in the higher latitudes where it was also
reported in the middle of NP22 in the North Sea (Van
Simaeys et al., 2005).

The presence of a hiatus between the Eocene and
Oligocene units was confirmed by the lack of the earliest
Rupelian dinoflagellate biozone (Gse zone of Brinkhuis
and Biffi, 1993; Brinkhuis, 1994; Wilpshaar et al., 1996;
Torricelli and Biffi, 2001) in this study (Figures 7 and
8). The Gse zone (earliest Rupelian), defined by the
interval between the FO of G. semitecta and the LO of
Hemiplacophora semilunifera, is missing in the studied
sections (except perhaps at Servez Beach, where unsuitable
lithologies dominate this interval) and confirms the
unconformable nature of Eocene-Oligocene boundary in
the studied area.

5.3. Assemblage Zone C

Age Assignment: Early Rupelian

Corresponding dinoflagellate zones: Rac
(Reticulatosphaera actinocoronata), Cin (Corrudinium
incompositum), and Hpu (Hystrichokoplpoma pusillum)
zones

Corresponding planktonic foraminiferal zone: P18-19
Corresponding nannoplankton zone: NP22-23
Corresponding Eastern Paratethyan Regional Stage:
Pshekhian

Samples: Karaburun (1) (samples 171 and 172) and the
lower part of Servez Beach (samples 75 and 76)

This interval is distinguished by Wetzeliella gochtii-
bearing samples. Melitasphaeridium choanophorum also
occurs for the first time in this interval.

The stratigraphical importance of the LO of
Areosphaeridium diktyoplokum and the FO of W. gochtii
has been known and used from a biostratigraphical
point of view for decades (e.g., Liengjarern et al., 1980;
Brinkhuis, 1992, 1994; Powell, 1992; Brinkhuis and Biffi,
1993; Bujak and Mudge, 1994; Toricelli and Biffi, 2001;
Williams et al., 2004). However, as was explained in
detail by Pross (2001), the FO and LO of wetzelielloid
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dinoflagellate cysts including W. gochtii reflect strong
diachronism in that 3.6 Myr of time difference might have
occurred in different regions of Europe. The oldest FO of
W. gochtii was reported from the Polish Carpathians in
the Late Eocene (van Couvering et al., 1981; Gedl, 2004a).
However, in addition to several studies pointing out the
Rupelian FO of W. gochtii (e.g., Brinkhuis, 1992, 1994;
Powell, 1992; Brinkhuis and Biffi, 1993; Toricelli and Biffi,
2001; Kothe and Piesker, 2007; Soliman, 2012), an early
Rupelian FO of W. gochtii was also highlighted in several
magnetostratigraphically calibrated dinocyst studies.
Williams et al. (2004) documented this event at 32.8 Ma
in the early Rupelian. Similarly, the FO of W. gochtii was
encountered in the lower part of Chron C12r at 33.1 Ma
in the early Rupelian (at the NP21-22 boundary) within
the Rac zone based on magnetostratigraphical calibration
in Italy (Pross et al., 2010), whereas it has a slightly older
FO at 33.6-33.2 Ma but still within the early Rupelian
(close to the NP21-22 boundary) at higher latitudes in
the Norwegian-Greenland Sea (Eldrett et al., 2004) and at
the base of NP22 in the southern North Sea basin (Van
Simaeys et al., 2005). The same event was also reported
from slightly younger sediments in NP23 in the Northern
Caucasus (Zaporozhets, 1999; Sachsenhofer et al., 2017).
A similar stratigraphic distribution of this taxon occurs
in the P-Rp2 zone in Eastern Anatolia (Sancay, 2005; Bat1
and Sancay, 2007), corresponding to the Hpu zone, NP23,
and the Wetzeliella gochtii-Distatodinium ellipticum zone
in NP23-24 in Thrace (Bati et al., 1993, 2007).

Recently, Giirgey and Bati (2018) subdivided the
Lower Oligocene Mezardere Formation in the Thrace
Basin informally into the Lower Mezardere Formation
(LMF) and Upper Mezardere Formation (UMF) and
distinguished two dinocyst assemblages in the Rupelian
(Pshekhian to Solenovian). Even though long-ranging
cosmopolitan dinoflagellates such as Homotryblium
spp.. Cordosphaeridium  spp., Distatodinium  spp.,
Operculodinium  spp., Cleistosphaeridium spp., and
Spiniferites spp. dominate both of the assemblages, some
age-diagnostic taxa were also encountered. The lower
part of the studied interval (LMF) has Glaphyrocysta cf.
semitecta and was interpreted as ?Pshekhian (NP21/22)
in age, whereas the W. gochtii-bearing upper part (UMF)
was reported as Solenovian (NP23-24), based on the FO
and LO of W. gochtii. The LO of G. semitecta is in the Rac
zone, NP21. Therefore, the LMF of Giirgey and Bat1 (2018)
might correspond to the Gse-Adi-Rac zones in the early
Pshekhian (earliest Rupelian), based on the presence of
G. semitecta. Additionally, a Solenovian (late Rupelian)
age was assigned for the overlying UMF based on the early
Chattian LO of W. gochtii in the same study. The lack of
other zonal marker dinocysts for the Rupelian, such as
A. diktyoplokum, H. pusillum, Homotryblium oceanicum,

Chiropteridium lobospinosum, and Distatodinium biffii,
coupled with the absence of Chiropteridium and Deflandrea
acmes and the diachronous nature of the LO of W. gochtii,
made a Solenovian age questionable for the UME Even
so, some additional evidence for Solenovian strata exist in
the Thrace Basin, such as high fresh-water influx (seen as
Pediastrum blooms accompanied by common terrestrial
palynomorphs) and the presence of manganese ore deposits
(Giirgey and Bati, 2018). Brackish water conditions in the
Thrace Basin and in many other localities of the Eastern
Paratethys (Schulz et al., 2004, 2005; Islamoglu et al., 2008;
Bechtel et al., 2012; Bati, 2015; Gilirgey and Bati, 2018 and
references therein; Popov et al., 2019) were well known in
the late Solenovian (late Rupelian). These unfavourable
brackish depositional conditions might have resulted in
reduced diversity of dinoflagellates, and cosmopolitan
dinoflagellate taxa might have become dominant during
the Solenovian in the Thrace Basin.

The youngest occurrence of Charlesdowniea clathrata
has been identified at 102 m in the Ceylan Formation at
the Servez Beach section in this study and confirms the
early Rupelian interpretation. The LO of C. clathrata was
magnetostratigraphically calibrated as 32.3 Main themiddle
part of Chron Cl12r in the early Rupelian in the Cin zone
(Pross et al., 2010). Additionally, the FO of Oligokolpoma
galeottii was also encountered at 96 m (sample 75 in Figure
4) at Servez Beach in this study (Figure 8). The FO of this
taxa was magnetostratigraphically calibrated at 32.2 Ma in
the Hpu zone in NP23 in Italy (Pross et al., 2010).

Sample 172 in the Karaburun (1) section was also studied
micropalaeontologically (Shikhlinsky and Bati, 2008) and
an Early Oligocene foraminifera assemblage was recorded:
Globorotalia aft. opima opima, Globigerina officinalis
marna, Globigerina ampliapertura, G. pseudovenezuelana,
Cassigerinella chipolensis, Uvigerina longa, Caucasina cf.
tenebricoda, Elphidium minitum, Nonion aff. dozularensis,
N. maragensis, Florilus boueanus, Cibicides sigmodialis, C.
pseudoungerianus, C. tenellus, and C. borislavebsis.

5.4. Assemblage Zone D

Age Assignment: Early-middle Rupelian

Corresponding dinoflagellate zones: Cin (Corrudinium

incompositum) and Hpu (Hystrichokoplpoma pusillum)

zones

Corresponding planktonic foraminiferal zone: P18-19

Corresponding nannoplankton zone: NP22-23

Corresponding Eastern Paratethyan Regional Stage:

Pshekhian

Samples: The highest sample of Karaburun (2) (sample 176)

and the upper part of Servez Beach (samples 72 and 73)
Samples belonging to this interval are recognized

above the Wetzeliella gochtii-bearing intervals and
yielded  Achomosphaera  alcicornu,  Enneadocysta
pectiniformis, Membranophoridium aspinatum,

Cordosphaeridium funiculatum, Areoligera semicirculata,
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Ascostomocystis  potana, Oligokolpoma galeottii, and
Cordosphaeridium cantharellus with common occurrences
of Cleistosphaeridium placacanthum.

The presence of E. pectiniformis in the uppermost
sample (sample 176 of Karaburun (2)) of the studied
sections is stratigraphically important because the LO
of this taxon in the northern hemisphere’s mid-latitudes
occurred at 29.3 Ma, within the Rupelian (Williams et
al., 2004), based on magnetostratigraphical calibration.
The LO of E. pectiniformis was reported in the “middle”
Rupelian in Germany (Ko6the and Piesker, 2007) and in
the North Sea (van Simaeys et al., 2004, 2005). The last
common occurrence of the same taxon was determined in
the Cin zone, in the late Rupelian in Italy (Brinkhuis and
Biffi, 1993; Brinkhuis, 1994).

Servez Beach (samples 72 and 73) was also studied
micropalaeontologically and an Early Oligocene age
was assigned based on the presence of Globigerina
tapuriensis, G. pseudoampliapertura, G. ouachitaensis,
G. ampliapertura,  Pseudohastigerina  barbadoensis,
Uvigerina costellata, U. oligocaenica, Gyroidina soldanii,
Pseudoparella caucasica, Rotalia binaensis, Chilostomella
normalis, Cibicides amphisyliensis, and Bolivina nolata
oligocaenica (Shikhlinsky and Bati, 2008).

6. Notes on depositional environment

Palaeoecological ~ preferences  of  dinoflagellates
(particularly in recent taxa) are very good criteria for
palaeoenvironmental reconstructions (e.g., Brinkhuis
and Biffi, 1993; Brinkhuis, 1994; Stover et al., 1996; Pross
and Schmiedl, 2002; Gedl, 2005; Pross and Brinkhuis,
2005). As far as the dinoflagellate assemblages of the
Western Black Sea region are concerned, the common
occurrences (up to 14.48%) of Homotryblium spp. in all
of the studied sections in the late Priabonian to early
Rupelian suggest shallow-marine, inner neritic, and
highly productivity conditions. Nutrient-rich and shallow-
marine conditions were also confirmed by the presence
of peridinioids such as Deflandrea and Wetzeliella.
Several dinoflagellate taxa having shallow-marine, near-
shore preferences such as Areoligera, Glaphyrocysta,
Polysphaeridium, Areosphaeridium, and Lingulodinium
were commonly observed in the studied sections. The
rare occurrences (1.02% to 2.04%) of oceanic taxa of
Impagidinium in the late Priabonian-early Rupelian and
the presence of Thalassiphora pelagica, Hystrichokolpoma,
and Palaeocystodinium in the early Rupelian may suggest
that open-marine conditions prevailed sporadically. The
presence of Wetzeliella and Impagidinium in the same
samples of the Karaburun (1) section might have occurred
due to stratified nutrient availability, in that the lower part
of the water column had higher nutrient content than
oligotrophic surface waters (Gedl, 2004b).
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After the major sea-level fall at the Eocene/Oligocene
boundary in the Eastern Paratethys, including the Thrace
and Western Black Sea regions (Popov et al., 2010), a long-
term transgression prevailed during the Early Oligocene
(Turgut and Eseller, 2000; Giirgey and Bati, 2018). In
the Thrace Basin, shallower brackish, neritic conditions
in the early Rupelian (?Pshekhian) were replaced by
brackish, dinocyst-rich, neritic, and nutrient-rich
environments in the middle-late Rupelian (Solenovian)
(Giirgey and Bati, 2018). No indications of fresh-water
influx or brackish depositional settings were recorded
during the late Priabonian-early Rupelian in the studied
sections corresponding to NP21-23 in the Western Black
Sea, where much more diverse and abundant marine
palynomorphs were encountered, indicating mainly
shallow-marine to open-marine, neritic, and nutrient-rich
depositional conditions. Thus, even though the Western
Black Sea and Thrace Basin were considered as part of
the Paratethys during the Rupelian, palacoenvironmental
interpretations might be further evaluated as the studied
sections (representing NP21-23) in the current study were
deposited before the isolation of the Paratethys, when the
Western Black Sea region was still part of the Western
Tethys during the earliest Oligocene.

7. Conclusions

Four biochronostratigraphic intervals were identified
based on marine palynomorphs in Upper Eocene to
Lower Oligocene sediments in this study. The late
Priabonian, below the Glaphyrocysta semitecta zone, is
represented by the presence of Eocene species such as
Areoligera tauloma-sentosa, Areosphaeridium michoudii,
Rhombodinium perforatum, Homotryblium pallidum, and
Stoveracysta ornata. The earliest Rupelian interval below
the Wetzeliella gochtii-bearing samples is characterized
by common occurrences of G. semitecta and the LO
of Areosphaeridium diktyoplokum. The early Rupelian
interval may be recognized by the presence of W. gochtii
and the FO of Melitasphaeridium choanophorum. The
early-middle Rupelian interval is represented by samples
overlying the W. gochtii-bearing sediments and by the
presence of Achomosphaera alcicornu, Enneadocysta
pectiniformis, Membranophoridium aspinatum,
Cordosphaeridium funiculatum, Areoligera semicirculata,
Ascostomocystis  potana, Oligokolpoma  galeottii, and
Cordosphaeridium cantharellus and common occurrences
of Cleistosphaeridium placacanthum.

Palynomorph and organic matter assemblages clearly
indicate shallow- to open-marine and nutrient-rich
depositional conditions for the deposition of Upper Eocene
to Lower Oligocene sediments in the study area. The
studied sections are dominated by marine palynomorphs
without any indication of fresh-water influx and might
represent deposition before the isolation of the Paratethys,
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when the Western Black Sea region was still part of the
Western Tethys during the earliest Oligocene (NP21-23).
Based on the palynological biozonations, the nature
of the Eocene-Oligocene boundary can be classified as an
unconformity at the Karaburun and Sazlibosna localities,
whereas it seems to be transitional at Servez Beach.
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Appendix.
176 172|171 |72 73 |75 76 |42 38 |35 5 4

PALYNOMORPHS & SAMPLES,

SECTIONS & PERCENTAGES éz;raburun Ea;raburun Servez Beach Servez Road Dam | Sazlibosna
Achomosphaera alcicornu 1.28 3.77 1.43 1.45
Achomosphaera sp. 1.28 1.02 27.2710.58 |1.81
Areoligera semicirculata 5.10 [1.24 0.58
Areoligera senonensis 3.03 3.86
Areoligera sp. 2.56 5.10 2.00 0.29 |1.81
Areoligera tauloma-sentosa 0.29
Areosphaeridium diktyoplokum 1.94 0.29
Areosphaeridium michoudii 0.58
Areosphaeridium multicornata 0.82 0.71 1.45 |1.81
Areosphaeridium sp. 0.27 9.94
Ascostomocystis potana 1.28 0.71
Batiacasphaera sp. 1.28 18.18
Charlesdowniea clathrata 0.82 1.16
Cleistosphaeridium placacanthum 10.26 8.16 |2.48 0.71
Cleistosphaeridium sp. 0.82 |2.86
Cordosphaeridium cantharellus 1.28 6.24 0.82 {4.29 |3.86 145 |1.81

§ Cordosphaeridium funiculatum 2.56 3.06 3.03 491 [11.88 26.95
é Cordosphaeridium minimum 0.29

§ Cordosphaeridium sp. 1.02 0.27

é Cribroperidinium sp. 7.04

= | Cyclopsiella lusatica 3.03 0.55

§ Dapsilidinium simplex 0.29

% Deflandrea granulosa 3.77 1.98

E Deflandrea leptodermata 0.87
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Deflandrea phosphoritica 5.13 1.02 |3.77 1.43 |3.86
Deflandrea sp. 1.02 0.58 |[1.81
Distatodinium ellipticum 1.24 0.87
Distatodinium sp.
Enneadocysta pectiniformis 5.13 3.06 [2.48 0.27 (2.14 45.45(2.02
Exochosphaeridium bifidum 0.87
Glaphyrocysta semitecta 0.55 9.05
Helicosphaera sp. 1.94
Hemiplacophora semilunifera 0.29
Homotryblium conicum 0.71
Homotryblium floripes 0.58 |3.69
§ Homotryblium pallidum 1.45
ﬁ Homotryblium plectilum 6.41 14.29 | 7.56 9.09 |10.00 | 14.31|4.13 |3.88 0.58
% Hystrichokolpoma cinctum 1.28 2.04 |1.24
Z Hystrichokolpoma sp. 0.71
g Hystrichostrogylon membraniphorum 0.29
5 Impagidinium dispertitum 2.04 |1.24 0.29
% Impagidinium sp. 1.24 1.81
; Impagidinium velorum 1.02 |1.24
A | Kisselovia sp. 5.48
Lingulodinium machaerophorum 1.02 |3.77 0.71
Melitasphaeridium choanophorum 1.02 |1.24 0.27
Membranophoridium aspinatum 1.28 2.04 2.00 [0.27 3.18
Membranophoridium connectum 0.58
Membranophoridium intermedium 0.29
Oligokolpoma galeottii 3.85 2.00 [0.27 0.87
Oligosphaeridium complex 0.27 (2.14 |8.22
Operculodinium divergens 3.69
Operculodinium microtriainum 5.13 8.00 [1.09 |9.87 |1.94 0.58 |1.81
Operculodinium sp. 3.77
Palaeocystodinium sp. 0.71
Pentadinium laticinctum 1.64
§ Pentadinium sp. 2.00 145 |1.81
= | Phthanoperidinium comatum 2.14
% Phthanoperidinium sp. 0.27 |0.71
z Polysphaeridium sp. 3.85 3.06 |3.77 |4.17 1.43 5.48
£ | Polysphaeridium zoharyii 2.56 3.03 |8.00 8.14
E Reticulatosphaera actinocoronata 1.24 0.29
5 Rhombodinium perforatum 0.29
% Samlandia sp. 1.28 0.71 0.29
O | Spiniferites membranaceous 1.02
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Appendix. (Continued).
Spiniferites mirabilis 1.28
5 Spiniferites pseudofurcatus 5.02 0.29
g Spiniferites ramosus 1.28 1.02 |2.48 3.69
& | Spiniferites sp. 2.56 2.04 |3.77 0.87 |1.81
EC) Stoveracysta ornata 0.58
é Tectatodinium sp. 0.29
= Thalassiphora pelagica 1.37 |0.71
@ Undetermined dinoflagellate 1.28 1.02 |1.24 3.57 9.09 [0.87 |1.81
é Wetzeliella gochtii 2.04 |2.48 2.00 |2.19
% Wetzeliella sp. 1.28 1.24 7.82 |3.57 0.29
B | Wetzeliella symmetrica 1.02 |1.24 2.46
5 Baculatisporites gemmatus 1.02 3.25 1.16 |5.48
% Carya 1.24
. Cicatricosisporites dorogensis 0.82
é Cingulatisporites macrospecious 2.56 1.02 [2.48 |8.33 |9.09 [2.00 |3.28 0.58 |5.48
5 Corylus 1.94
0 Dicellaesporites sp. 1.02
%J Diporicellaesporites sp. 1.81
& | Echinatisporis sp. 1.02 [1.24 0.55 0.29
Engelhardia 1.02 12.50 | 3.03 1.91 6.06
Ephedripites sp. 1.28
Ericaceae 0.82
Hypoxilonites sp. 1.24
Laevigatosporites haardtii 4.17 |3.03 0.29
Leiotriletes adriennis 1.28 8.33 4.00 |1.37 0.29
Leiotriletes sp. 1.94
Leiotriletes dorogensis 0.27 [0.71
Lusatisporites perinatus 1.37 1.81
Multicellaesporites sp. 3.03
Periporopollenites multiporatus 0.71
Pityosporites spp. 5.13 6.12 |3.77 |12.50(9.09 |18.00|33.92/6.88 |14.32
Pluricellaesporites vermiculus 3.85
Pluricellaesporites sp. 2.04 |1.24
5 Quercus 2.56 3.06 33.33142.42/8.00 |7.65 |14.74|20.36 5.48
% Slowakipollis hippophaeoides 3.03 0.27
= Sparganiaepollenites sp. 0.71 |1.94
é Schizosporis sp. 64.74
8 Tsuga 4.17
o Trichothyrites sp. 1.02
% Verrucatosporites alienus 1.28 1.02 |3.77 0.29
& Verrucatosporites favus 1.28 2.48 2.00 |0.55 |2.14 0.58 |5.48
£ |Foraminiferal linings 12.82 13.27|8.76 |8.33 |6.06 |12.00|0.55 1.94 2.31 |3.69
E‘J Scolecodont 2.56 3.06 4.17 18.00 | 0.55 1.94 0.58
S Tasmanites 3.77 0.27 0.58 |3.69
TOTAL COUNTS 78 98 83 24 33 |50 368 (146 |49 |11 347 |55
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